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 ﻣﻠﺨﺺ اﻟﺒﺤﺚ
  
، اﻟﻌﺎرﺿﺎت اﻟﻌﻤﻴﻘﻪ هﻲ أﻋﻀﺎء اﻧﺸﺎﺋﻴﻪ ﻣﻌﺮﺿﻪ ﻟﻼﺣﻤﺎل آﺎﻟﻌﺎرﺿﺎت اﻟﻌﺎدﻳﻪ        
آﻤﺎ ان اﻟﻤﻮاﺻﻔﺎت . وﻟﻜﻦ ﺗﺨﺘﻠﻒ ﻋﻨﻬﺎ ﻓﻲ ان ﻧﺴﺒﺔ اﻟﻄﻮل اﻟﻔﻌﺎل اﻟﻲ اﻟﻌﻤﻖ أﺻﻐﺮ
 ﺗﻨﺎوﻟﺖ )EDIUG AIRIC(,واﻟﺒﺮﻳﻄﺎﻧﻴﺔ )BEC(اﻟﻤﺪوﻧﻪ اﻷورﺑﻴﻪ, )ICA(اﻻﻣﺮﻳﻜﻴﻪ
 . ﺣﺎﻟﺔ اﻟﻘﺺﺗﺼﻤﻴﻢ اﻟﻌﺎرﺿﺎت اﻟﻌﻤﻴﻘﻪ ﻓﻲ
اﻟﻬﺪف اﻷﺳﺎﺳﻲ ﻣﻦ اﻟﺘﺠﺎرب اﻟﻤﻌﻤﻠﻴﺔ واﻟﺘﺤﻠﻴﻞ ﻓﻲ هﺬا اﻟﺒﺤﺚ هﻮ دراﺳﺔ ﺗﺄﺛﻴﺮ         
اﻟﺘﺴﻠﻴﺢ اﻷﻓﻘﻲ ﻋﻠﻲ ﺳﻠﻮك اﻻﺑﻴﺎم اﻟﻌﻤﻴﻘﺔ ﻓﻲ ﺣﺎﻟﺔ اﻻﻧﺤﺮاف واﻟﺘﺸﻘﻖ وذﻟﻚ ﺑﺎﺳﺘﺨﺪام 
ﻣﻊ ﻣﻌﺮﻓﺔ اﻟﺤﻤﻞ اﻟﺬي ﻳﺤﺪث أول )d/va(ﻗﻴﻢ ﻣﺨﺘﻠﻔﻪ ﻟﻠﻄﻮل اﻟﻔﻌﺎل اﻟﻲ اﻟﻌﻤﻖ 
وﻟﺘﺤﻘﻴﻖ ذﻟﻚ ﺗﻢ اﺟﺮاء .ﻓﻘﻲ وآﺬﻟﻚ اﻻﻧﺤﺮاف اﻟﻤﻘﺎﺑﻞ ﻟﻜﻞ ﻣﻨﻬﻤﺎ ﺗﺸﻘﻘﺎت ، اﻟﺤﻤﻞ اﻷ
  . )d/va(ﺗﺠﺎرب ﻋﻠﻲ ﻋﺪد ﺳﺘﻪ اﺑﻴﺎم ﻋﻤﻴﻘﻪ ﻣﺘﻔﺎوﺗﻪ ﻓﻲ ﻗﻴﻢ اﻟﻄﻮل اﻟﻔﻌﺎل اﻟﻲ اﻟﻌﻤﻖ 
أﺳﺘﺨﺪم ﻓﻲ هﺬﻩ اﻟﺪراﺳﻪ ﻟﺘﺤﻠﻴﻞ NOKORP ﺑﺮﻧﺎﻣﺞ ﺗﺤﻠﻴﻞ اﻻﻧﺸﺎءات         
 ﺑﺎﻟﻨﺘﺎﺋﺞ اﻟﻤﻌﻤﻠﻴﺔ و ﺑﺒﻌﺾ اﻟﻌﺎرﺿﺎت اﻟﻌﻤﻴﻘﻪ ﻓﻲ ﺣﺎﻟﺔ اﻟﻘﺺ واﻻﻧﺤﻨﺎء وﻗﻮرﻧﺖ اﻟﻨﺘﺎﺋﺞ
 AIRIC(,اﻟﺘﻌﺎﺑﻴﺮ اﻟﺮﻳﺎﺿﻴﻪ اﻟﻤﺴﺘﻨﺒﻄﺔ واﻟﻤﻮﺻﻲ ﺑﻬﺎ ﻓﻲ اﻟﻤﺪوﻧﻪ اﻟﺒﺮﻳﻄﺎﻧﻴﻪ
آﻤﺎ ان اﻟﺪراﺳﻪ اﻇﻬﺮت . ﻓﻜﺎﻧﺖ اﻟﻨﺘﺎﺋﺞ ﻣﺘﻘﺎرﺑﻪ)BEC(واﻟﻤﺪوﻧﻪ اﻷورﺑﻴﻪ)EDIUG
أﻳﻀﺎ ، اﻳﻀﺎ ان هﻨﺎك ﺗﺄﺛﻴﺮ واﺿﺢ ﻟﻠﺘﺴﻠﻴﺢ اﻷﻓﻘﻲ ﻓﻲ زﻳﺎدة ﻣﻘﺎوﻣﺔ اﻷﺑﻴﺎم  اﻟﻌﻤﻴﻘﺔ
 ﺗﻌﻤﻞ ﻋﻠﻲ ﺧﻔﺾ ﻣﻘﺎوﻣﺔ )d/va(ﺎدة ﻗﻴﻢ اﻟﻄﻮل اﻟﻔﻌﺎل اﻟﻲ اﻟﻌﻤﻖأوﺿﺤﺖ أن زﻳ
  .  اﻻﺑﻴﺎم اﻟﻌﻤﻴﻘﺔ
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ABSTRACT 
 
Deep beams are structural members loaded as ordinary beams, but 
they have smaller effective span to depth ratio ( /d). The ACI code, Europe 
code and CIRIA GUIDE have provisions for design of deep beams in shear. 
The main goal for both experimental and analytical work was to study the 
influence of horizontal reinforcement on crack and deflection behavior of 
deep beams with various ( /d) ratios and also to study the strength 
parameters such as, first crack load, the ultimate failure load, deflection at 
first crack load, deflection at ultimate load and mode of failure. This 
objective has been achieved using models of experimental works that 6 deep 
beams were tested with different shear span to depth ratio. 
   Prokon software program was used to analyze the results which were 
compared with the experimental results obtained from the tested beams and 
with the recommended formulae by CIRIA guide and Europe code. The 
results were very close. It was evident from tests that the presence of 
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horizontal reinforcement increased ultimate shear. and the ultimate strength 
decreased with increasing /d ratio in all beams tested.  
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CHAPTER ONE 
INTRODUCTION: 
1.1 Introduction 
Deep beams are structural elements loaded as beams in which a 
significant amount of the load is transferred to the supports by compression thrust 
joining the load and the reaction. As result, the strain distribution in no longer 
considered linear and the shear deformations become significant when compared 
to pure flexure. 
Reinforced concrete (R.C) deep beams, which fail with shear 
compression, are the structural members having a shear span to effective depth 
ratio, /d, not exceeding 1.0. 
The ACI code defines a deep beam as a structural member whose span-depth ratio 
(L/H) is 5 or less as shown in fig (1-1). 
            Some investigators have decided that the shear span-effective depth ratio 
/d is more meaningful to define deep beam, and that a beam could be 
considered deep if shear span to effective depth ratio ( /d) <0.5. 
R.C deep beams have many useful applications in buildings structures 
such as transfer girders, wall footings, foundation pile caps, floor diaphragms and 
shear walls. Beams of this type often arise in the construction of bins, hoppers, or 
similar structures, as well as pile caps and transfer girders. 
Particularly, the use of deep beams at the lower levels in tall buildings for 
both residential and commercial purposes has increased rapidly because of their 
convenience and economical efficiency. Generally, deep beams are regarded as 
members loaded on their top extreme fibers in compression and supported on the 
opposite sid . 
In all these cases design based on ordinary straight-line distribution of 
bending stresses adopted in a shallow beams is not valid, since the simple theory 
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 of flexure takes no account of the effect of normal pressures on the top and 
bottom edges of the beam caused by the loads and reactions. 
The effect of these normal pressures on the stress distribution in deep beams is 
such that the distribution of bending stresses on vertical sections is not linear and 
the distribution of the shear stress is not parabolic. Consequently, a transverse 
section which is plane before bending does not remain approximately plane after 
bending and the neutral axis does not usually lie at the mid depth, its position 
being variable in a span wise directio . 
 
Figure: (1.1) R.C DEEP BEAM DIMENSIONS 
Where: 
Ln: clear span of reinforced concrete deep beam & H and d are overall depth and 
effective depth of a deep beam respectively. 
The Euro-International Concrete Committee, decided that a beam could be 
considered deep if L/H<2 and 2.5 for simply supported and continuous beams 
respectively. 
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Cracks in continuous deep beam tend to form before the negative cracks 
over the interior support, Fig (1-2)a. the first significant cracking occurs in the 
form of diagonal shear cracks at about 50% of the ultimate load, the cracks 
tending to delineate a truss or tied arch mode of behavior, Fig (1-2)b. the 
expansion of the diagonal cracks is accompanied by the development and growth 
of additional secondary flexural cracks as the reinforcement is brought to yield, 
Fig (1-2)c  
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Figure :( 1.2) Cracks in beam due to excessive load 
 
1.2 Behavior of deep beams 
Early analysis of reinforced concrete deep beams was based on the 
classical theory of elasticity with the beam assumed as homogenous. 
Reinforcement was placed in regions where tensile stresses exceed the estimated 
strength of the concrete. Some of the earliest work in this area was performed by 
Dischinger  and distributed as a design aid by the Portland Cement 
Association. 
Leonard and Walte  considered two states of deep beam: the cracked 
and uncraked stage. They found that the cracking followed the tensile trajectories; 
however, after cracking and stress redistributions, the elastic approach did not 
adequately describe the stress distributions of deep beams. An actual stress 
exceeds theoretical stresses of the sections near supports, and theoretical stresses 
exceeded actual stresses at sections near the center of the span. 
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Crack patterns and failure of deep beams have been observed under many 
different loading conditions. A single concentrated load, concentrated at the one-
third points of the span and uniform loads. In these investigations deep beams 
were observed to fail in either shear or flexure. Although the load that caused the 
inclined crack was relatively independent of the /d ratio, the ultimate strength 
increased as /d decreased. 
This was only true if the loads and reactions were on opposite faces of the 
beam so that a compression thrust could develop between the load and support. 
Load applied on the tension flange through a nib resulted in lower strengths than 
that load applied directly on the compression flange. Thus the ultimate shear 
stress in a beam without web reinforcement is approximately equal to the inclined 
cracking shear stress for members loaded at the tension flange and will be greater 
than the inclined cracking shear stress for directly loaded beam . 
1.3 Comparison between deep beams and ordinary beams: 
 1- Deep beams: 
        - Plane section before bending does not remain plane after bending. 
        -The resulting strain is nonlinear. 
        -Shear deformations become significant compared to pure flexure. 
        -The stress block is nonlinear even at the elastic stage.  
        -It is subjected to two-dimensional state of stress. 
2- Ordinary beams- 
       -Plane section before bending remains plane after bending. 
       -The strain is linear 
       -Shear deformation is neglected. 
       -The stress block is considered linear at the elastic stage. 
       -It is subjected to one-dimensional state of stress. 
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1.4 The nature of failure of deep beams: 
The failure of deep beams subjected to either central point load or two 
symmetrical point loads is related to the failure of the tied arch which is formed in 
the beam after diagonal cracking. According to de Paiva and Sies , the primary 
modes of failure of the tied arch are flexure failure and shear failure. A flexural 
failure occurs either when the concrete rib of the tied-arch fails by crushing at the 
crown or the tension tie ruptures. The failure is termed flexure failure because the 
full flexural capacity and ductility are realized. A shear failure contains two 
types:-  
• Diagonal compression failure: in this type of failure an inclined crack first 
develops nearly along a line joining the load point and the support point. After 
further increase in load, a second inclined crack parallel to the previous crack 
appears. The final failure is due to the destruction of the portion of concrete 
between these two cracks which acts as a strut between the load and support 
point.  
• The second type of shear failure is a diagonal tension failure: in this mode 
failure occurs by a clean and sudden fracture nearly along a line joining either 
support with the nearest loading point. The failure is similar to splitting of a 
cylinder under diagonal compression. This mode sometimes called shear-
proper failure. 
Bresler and Macgrego  have included anchorage failure and bearing failure 
as deep beam failure modes along with the flexure and shear failure mentioned 
above. These two additional modes of failure are generally undesirable and are 
not limited to deep beams although the geometry and behavior of deep beams 
have increased the likelihood of their occurrence. Anchorage failure results from 
the very high tension stresses in the main longitudinal reinforcement in the region 
near the supports. Special anchorage provisions, such as hooking the bars, can be 
used to prevent this mode of failure. Baring failures on the other hand result from 
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the high vertical stresses at the support and load points. Adequate design and 
detailing of the bearing and load blocks will prevent this mode of failure. 
In summary, a prediction of deep beam failure load is usually limited to a 
prediction of either flexure or shear failure modes, as anchorage and bearing 
failure are undesirable failure modes which can be eliminated by proper design 
and detailing. 
1.5 Factors affecting behavior of deep beams: 
  1.5.1 Types of shear reinforcement: 
As the /d ratio of deep beam decreases from about 2.5 to 0.0, shear 
reinforcement perpendicular to the longitudinal axis becomes less effective than 
that in ordinary beam. At the same time, distributed reinforcement parallel to the 
longitudinal axis will increase shear capacity of shear-friction. Diagonal 
reinforcement is also effective in resisting shea . 
1.5.2 Reinforcement details:  
The development of inclined cracking tends to cause an increase in the 
stress in flexural tension reinforcement at the base of the crack. In deep beams, 
inclined cracking may extend the full length of the shear span. If the shear 
reinforcement is not fully effective Fig (1-4), high tensile stresses will develop in 
the longitudinal reinforcement at sections where the resultant moment is zero 
Fig(1-3). Sufficient anchorage length of main reinforcement must be provided to 
resist this tension. 
 
Figure (1.3): Web steel & main longitudinal steel 
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(c)  
Fig (1.4) a-Beam without web reinforcement 
                   b-Beam with horizontal reinforcement 
                            c-Beam with vertical web  
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1.5.3 Method of load application: 
   Load may be applied to beams on the extreme compression or tension 
fibers. The main effect of applying loads on the compression face to a deep beam 
without web reinforcement is to increase the ultimate shear capacity above the 
shear causing inclined cracking. 
1.6 Shear failure of beams without shear reinforcement: 
 
Fig (1-5): Traditinal concepts of shear and diagonal crack 
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Fig(1-5)a, shows half of a reinforced concrete beam acted on by a shear 
force V. An element in the beam would be subjected to shear stresses v, as in 
Fig(1-5)b, and to horizontal normal stresses due to bending. If the element is near 
the neutral axis or within the flexurally cracked region, the bending stresses are 
comparatively small and may be neglected without serious loss in accuracy. The 
shear stresses in Fig (1-5)b, are then equivalent to the principle stresses in  Fig(1-
5)c, in which the principle tensile stresses are traditionally called the diagonal-
tension stresses. When the diagonal tension stresses reach the tensile strength of 
the concrete, a diagonal crack will develop. In fact, the type of diagonal crack in 
Fig(1-5)c, called a web shear crack, occurs mainly in prestressed concrete beams 
and rarely in reinforced concrete beams.  
Many tests have established that the failure mode is strongly dependent on the 
shear-span/depth ratio /d: 
* /d > 6: beams with such a high /d ratio usually fail in bending. 
* 6 > /d >2.5: beams with /d lower than about 6 tend to fail in shear.  
When the force V is increased, the flexural crack a-b nearest the support 
would propagate towards the loading point, gradually becoming an inclined 
crack, which is known as a flexure-shear crack but which is often referred to 
simply as a diagonal crack (crack a-b-c) see Fig (1-6). With further increase in V, 
failure usually occurs in one of two modes. If the /d ratio is retavely high, the 
diagonal crack would rapidly spread to e, resulting in collapse by splitting the 
beam into two pieces. This mode of failure is called diagonal-tension failure; for 
such a failure mode, the ultimate load is sensibly the same as that at the formation 
of the diagonal crack. If the av/d ratio is relatively low, the diagonal crack tends 
to stop somewhere at j; a number of random cracks may develop in the concrete 
around the longitudinal tension reinforcement. As V is further increased, the 
diagonal crack widens and propagates along the level of the tension reinforcement 
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(crack g-h). If the longitudinal reinforcement is not hooked at the end, the 
destruction of bond and the concrete splitting will cause immediate collapse. If 
hooks are provided, the beam behaves as a two-hinged arch until the increasing 
force in the longitudinal reinforcement destroys the concrete surrounding the 
hooks, whence collapse occurs. 
 
Fig (1-6): Flexure-shear crack in deep beam 
 
* 2.5> /d>1: for  lower than about 2.5 but greater than 1.0, the diagonal crack 
often forms independently and not as development of a flexural crack. The beam 
usually remains stable after such cracking. 
Further increase in the force V will cause the diagonal crack to penetrate 
into the concrete compression zone at the loading point, until eventually crushing 
failure of the concrete occurs there, sometimes explosively (shaded portion) 
Fig(1-7). This failure mode in called shear-compression failure; for this mode, the 
ultimate load is sometimes more than twice that at diagonal cracking. 
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Fig (1-7): Shear compression failure in deep beam 
* /d<1.0: the behavior of beams with such low /d ratio approaches that of 
deep beams. The diagonal crack forms approximately along a line joining the 
loading and support points. When the crack has penetrated sufficiently deeply 
into the concrete zone at the loading point, or, more frequently, at the support 
point, crushing failure of the concrete occurs. For a deep beam failure mode, the 
ultimate load is often several times that at diagonal cracking.  
The mechanism of shear transfer in a cracked concrete beam is illustrated in the 
free-body diagram in Fig (1-8). The shear force V is resisted by the combined 
action of the shear  in the uncracked concrete compression zone, the shear  
from the dowel action of the longitudinal reinforcement, and the shear  which is 
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the vertical component  of the force due to aggregate interlock (sometimes called 
the interface shear transfer). Thus 
        V =  +   +  …………………………………………………….( 1.1) 
Shear force V is carried in the approximate proportions: 
Compression zone shear  = 20-40% 
Dowel action                        = 15-25% 
Aggregate interlock              = 35-50%    
 
Fig (1-8): Mechanism of shear transfer in cracked concrete beam 
 
1.7 Factors affecting shear in beams: 
1.7.1-Concrete strength:  
The dowel action capacity, the aggregate interlock capacity and the 
compression-zone capacity generally all increase with the concrete strength. 
1.7.2-Tension steel ratio: 
The tension steel ratio =As/bd affects shear strength mainly because a low 
As/bd value reduces the dowel shear capacity and also leads to wider crack 
widths, which in turn reduce the aggregate-interlock capacity. 
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1.7.3-Strength of longitudinal reinforcement: 
Provided the steel ratio is kept constant, the characteristic strength of the 
longitudinal reinforcement has little effect on shear strength. 
1.7.4-Aggregate type: 
The type of aggregate affects shear strength mainly through its effect on 
aggregate interlock capacity.  
1.7.5-Beam size:  
The ultimate shear stress reduces with the beam size particularly the beam 
depth; that is, larger beams are proportionately weaker than smaller beams. This 
is probably because in practice the aggregate interlock capacity does not increase 
in the same proportion as the beam size. 
1.7.6-The effective shear-span/depth ratio (M/Vd): 
The ultimate shear stress at a beam section increase rapidly as the M/Vd 
ratio is reduced below about 2, where M is the bending moment, V the shear force 
and d the effective depth; this is true for either distributed loading or concentrated 
loading. For two-point loading, the critical M/Vd ratio occurs at the loading point,          
where: 
    M/Vd =  /d  
1.8 Need to study the behavior reinforced concrete deep beams: 
It's known that the main parameters affecting the load bearing capacity of 
deep beams with or without web openings are shear span to depth ratio, 
configuration of web reinforcement, materials properties, and geometry of 
openings. Despite the rigorous studies of deep beams, there have been only 
empirical and semi-empirical formulas for predicting their ultimate load bearing 
capacities due to the complexities of the structural nonlinearity and material 
heterogeneity. there have been also no pertinent theory and rational design code 
for predicting ultimate shear strength of reinforced concrete deep beams with web 
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openings. Hence, it's very important and necessary that study of deep beams 
should be carried out experimentally and analytically to verify the shear of 
reinforced concrete deep beams which have various loading and geometric 
conditions. 
1-9 Methods of Analysis: 
1-9-1 Finite Element Analysis: 
Finite element method is a powerful numerical technique for analyzing 
structures/continua. Several commercial software are available for FE analysis. 
MSC/NASTRAN is the most widely used general purpose software of FE 
analysis. It has versatile applications in the field of static, dynamic, heat transfer, 
etc. 
MSC/NASTRAN also offers linear and non-linear (material, geometric, and 
boundary conditions) analysis. The majority of the available general purpose 
commercial FE software is not suitable for non-linear post-yielding analyses of 
concrete members because unlike steel, concrete shows strain-softening behavior 
once it is yielded. This means that stress strain relationship of concrete follows a 
downward path after its yielding. The traditional non-linear solution techniques of 
Newton's family only which are generally available in most of the commercial FE 
software cannot handle this behavior and solution process stops when the 
magnitude of applied load reaches the yielding point (unstable region) of stress-
strain curve. The advanced non-linear solution techniques like CA, RA, and mRA 
can handle the strain softening behavior of concrete. 
MSC/NASTRAN offers all these powerful and advanced non-linear solution 
techniques. Moreover, the other special features like SUBCASE and RESTART 
which are offered by MSC/NASTRAN are also very useful in the non-linear 
analysis of concrete members  
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1-9-2 Strut and Tie Method: 
Although the Strut-and-Tie Method (STM) has been used for several 
years in Europe  and has been included in the Canadian Standard for the Design 
of Concrete Structures3 since 1984 and the AASHTO LRFD Bridge 
Specifications  since 1994, it is a new concept for many structural engineers in the 
U.S. Procedures and recommendations for the use of STM to design reinforced 
concrete members were discussed in a State-of-the-Art Report from Joint ACI-
ASCE Commit tee, Shear and Torsion, but specific code requirements were not 
incorporated into the ACI Building Code until the 2002 edition,6 as to help U.S. 
engineers improve their ability to use STM for analysis and design of concrete 
members, Joint ACI-ASCE Committee 445 and ACI Committee 318-E, Shear 
and Torsion, recently completed a publication that contains a variety of STM 
examples. The STM model used here for the analysis and design of a deep beam 
is not unique. 
It should be noted that the STM procedure in Appendix A of the ACI Building 
Code (referred to as the Code) is a strength limit-state design approach. 
Serviceability limit-states (for example, deflections and reinforcement 
distribution) defined in the main body of the Code must also be checked  
1-9-3 Non-linear finite element method 
Non-linear finite element (FE) analysis of reinforced concrete (R.C) 
members like beams, slabs etc. using the majority of available commercial finite 
element software poses many numerical difficulties. Major difficulty is faced 
because of strain-softening behavior of concrete once it is yielded. This 
commercial finite element software of FE analysis remains totally inadequate in 
handling strain-softening behavior of concrete. 
This is because this software offers only the traditional non-linear solution 
techniques like Newton-Raphson (N-R), modified Newton-Raphson (mN-R) 
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methods etc. which cannot handle the non-linear post-yielding analyses of 
members made of materials like concrete, soil, rock etc. which exhibit strain-
softening behaviors after their yielding. 
MSC/NASTRAN, however, offers many advanced solution techniques like 
Crisfield's arc-length (CA) method, Rik's_ arc-length (RA) method, and modified 
Rik's_ arc-length (mRA) method. These methods can handle the strain softening 
behavior adequately  
1.10 Objective of the research: 
The objective is to investigate the behavior of reinforced concrete deep 
beams and to study the methods of analysis and design. 
This objective has been achieved through analysis and design of reinforced 
concrete beams using PROKON MODELS PROGRAM taking into 
consideration: 
   -Method of application of load. 
   -Effect of the variation of span depth ratio. 
   -Effect of the variation of shear span to clear span ratio. 
   -Types of shear reinforcement and concrete strength.  
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CHAPTER TWO 
LITERATURE REVIEW 
2.1 Analytical work: 
Chow,Conway and Winte  used the method of finite different to 
formulate equations to calculate shear and normal stresses for single span deep 
beams. Although the method was directly applicable to structure mode of 
homogeneous materials. In their discussions of the application of this work to 
reinforced concrete structures stated: 
"the stress distribution in such reinforced concrete members must be 
expected to differ from that given on two counts: 
1- The nonhomogenity of the material; and 
2- The cracking of the tension zone. For this reason, no unique and 
strictly justified design procedure can be proposed. 
Chow et al. proposed that the total steel area provided is given by: 
                      =     …………………………………………………..(1.2) 
The stress distribution in deep members of homogenous materials has 
been studied and well established by many authors, using analytical models. Most 
of these models are based on the classical theory. A common method for solving 
two-dimensional problems involves the determination of the Airy stress function, 
F, to satisfy the boundary conditions and comply with the biharmonic equation: 
                 +          +   = 0  ………………………………( 1.2a) 
             
Once the Airy stress function has been found, the stresses arising from the 
subsequent derivatives of the function are as follows: 
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        =       ,    =       ,     =     ………………….( 1.3) 
Continuous deep beam is studied by Dischinge  to analyze stress 
distribution and load arrangement. Many results were given for different load 
cases and different height/span ratio (H/L). These mathematical results were later 
used by Portland cement Association (1946) for the development of rules for 
concrete deep beam design. 
Also Coul  studied deep beams using a numerical method for the analysis of 
plane stresses of deep beams or any structure in which the stress system can be 
considered planar. In this method the stresses are given by a Fourier series as a 
function of one direction; the coefficients of the series depend upon the other 
direction. By utilizing the principle of least work the coefficients can be 
determined. This procedure differs from the methods using Airy stress functions 
in that the stresses are obtained directly from the solution of Fourier series, 
without the differentiation involved in the other methods. The series were chosen 
to satisfy the boundary conditions in every direction. The finite difference 
method, a simplified procedure for the numerical solution of deep flexural 
members.  
   The finite difference method also used by Chow et a  to analyze the 
stress distribution. Single-span deep beams taken into consideration under five 
loading condition:  
- One central concentrated load at the compression face.  
- One central concentrated load at tension face.  
- Uniform distributed load at compression face. 
- Uniform distributed load at tension face and, 
 - Finally two concentrated loads at third span on compression face. 
 Three height/span ratios were studied, 0.5, 1.0 and 2.0. It was observed that for 
all the types of loading, the stress curve agrees reasonably well with the linear 
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distribution of the simple flexure theory when the height/span ratio was 0.5; as 
this ratio increased the difference between the linear distribution and the finite 
difference stresses become more significant. Three points of zero bending stress 
were noticed for height/span ratio equal to 2.0. Results from mathematical 
analysis under each loading case were provided in graphical form and it was 
pointed out that the stresses for any combination of loading could be computed by 
means of the principle of superposition. It was further suggested that these results 
could be used for the design of tensile and shear reinforcement of concrete deep 
beams and procedures for determining the amount of reinforcement required were 
given. 
Similar method of dischinger taken by Cheng and pe . for the solution 
planar-stress problems. But The different in support arrangement; Dischinger take 
supports with free in-plane rotations but Cheng and pei; they considered fixed 
supports. The distribution of stresses at different sections at mid-span and above 
the supports was illustrated by graph. 
The numerical methods mentioned above were valid for multi-span deep 
beams only, due to the inability of the stress functions used to satisfy all the 
boundary conditions. Top and bottom edge boundary conditions were satisfied 
but those at the vertical edges of the beam were ignored. 
      Problems related to the vertical boundaries of deep members have been 
overcome in different ways. Numerical solutions of single span deep beams with 
depth/span ratio of 0.5, 0.75, 1.0 and 1.5 were presented by Guzman and Luisoni 
(1948), polynomial function satisfied all the boundary conditions but not 
necessarily the Biharmonic equation. 
      The tied-arch analytical method used by Prabhat Kuma  to estimate a 
collapse load of deep beams with shear-span/effective-depth ratio of less than 1.0. 
It was sumarized that the collapse load of the beams was determined by 
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investigating the failure of the member of the truss model, i.e tension tie, inclined 
strut and horizontal arch rib. It was assumed that anchorage and bearing failures 
could be eliminated by adequate detailing. 
It was assumed that shear crack is nearly straight line and hence the 
contribution of web reinforcement to the ultimate strength of deep beam was 
found. The equations of ultimate strength for both deep beams without web 
reinforcement and deep beam with web reinforcement was verified against the 
available tests results; good agreement was found. 
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2.2 Previous experimental work:- 
        De Pavia and Sies :investigated 19 small scale deep beams with depth 
varying from 178mm to 330mm and span of 610mm(span to depth ratios between 
3.43 and 1.85). from their work De pavia and seiss mode the following 
observations:- 
• Increasing the concrete strength. 
1-had negligable effect on beams failing as aresult of yield in the tension 
reinforcement. 
2-increased the load capacity of beams failing in shear and in some cases if 
inchanged the mode of failure from shear to flexural. 
• Increasing the amount of tension reinforcement increased the load capacity of 
the beams and tended to change the mode of failure from flexural to shear. 
• Increasing the depth (while holding the cross-sectio constant) increased the load 
capacity of beams failing in flexural, but did not show aproportional increase 
in shear strength. 
• The presence of web reinforcement did not appear to influence greatly the 
capacity beyond cracking for the beams regardless of the mode of failure. 
           Leanhardt and Walthe :can be considered pioneer in reinforced 
concrete deep beams, nine single span deep beams were tested having span to 
depth ratio of 1.0 and 0.9 respectively. The single span beam were uniformely 
loaded at the their top and bottom chord while the the two span beams were 
loaded on the top at the third points. Two additional single span deep beams 
having span to depth ratio of 1.67 were tested with the beam supported indirectly 
by adjoining deep beams. 
Leonhardt suggested that the shear capacity of deep beams cannot be improved 
by the addition of the web reinforcement, apart later to be disproved by kong and 
robins who demonstrated that an increase in strength up to 30% is possible. Crack 
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distributions and stress trajectories on top loaded beams with L/D=1.0, indicate 
that horizontal web reinforcement is helpful against the propagation of inclined 
cracks.    
     Kong and Robin : carried out tests on simply supported lightweight 
concrete deep beams, and they developed a formula for calculating the ultimate 
load for normal weight concrete deep beams; it was found that this formula is not 
necessarily suitable for lightweight concrete beams. 
Further experimental work on lightweight concrete deep beams was reported by 
Kong and Robins (1972). They revised their previous formula in two factors: 
/D ratio explicitly allowed for, and they used concrete cylinder splitting tensile 
strength , as they thought that the concrete contribution to the ultimate shear 
strength is much more directly related to tensile strength  than to the cylinder 
compressive strength . Their tests showed that the ratio /H had a greater 
effect on cracking and ultimate loads than L/H. 
    The proposed formula determined by Prakas  took into account the 
splitting strength of concrete and the influence of any steel crossing the failure 
crack, this suggestion for span/effective depth ratio less than one. It was stated 
that the failure of deep beams with small value of av/d ratio is analogous to the 
splitting of a cylinder along its length. The ultimate shear strength calculated by 
the proposed formula was found agree well with test results. 
     Smith and Vantsioti : paramerters under investigation were shear span 
to depth ratio, the effect of horizontal and vertical reinforcement, and concrete 
strength, from this tests drew the following conclusion:- 
• Beams generally failed in shear. 
• Aminimum percentage of web reinforcement should be used for cracking 
control. 
• Inclined cracking occurs at approximately 50-60 % of the ultimate load. 
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• Increasing the concrete strength increased the beams capacity. 
Smith and Vantsiotis carried out tests on fifty-two simply supported reinforced 
concrete deep beams under two symmetrical point loads. Considerable increase in 
load-carrying capacity was observed with increasing concrete strength and 
decreasing shear span-to-effective depth ratio. The increase in ultimate shear 
strength and in diagonal cracking load was attributed to the arch action for 
specimens with a shear span/depth ratio less than 2.5. It was also found that 
vertical stirrups became more efficient in beams with shear span/depth ratio less 
than 1.0. The effect of concrete strength was greater on beams with low shear 
span/depth ratio. Web reinforcement had no effect in controlling the diagonal 
cracking load and the cracking patterns were the same for beams with or without 
it. 
        Seven reinforcement concrete wall panels with simply support are tested 
by Besser and Cusen , beams with depth/span ratio in the range of one to four 
and reported that: 
- A beam panel with depth/span ratio equal to 1.0 failed in shear with diagonal 
fracture line joining the load and support points. 
 - Beams with depth/span ratios greater than 1.0 failed by crushing of the bearing 
zones. This was the most common mode of failure among these members and was 
exhibited by panels with depth/span ratios between 1.5 and 3.5. The largest 
specimen tested, having a hight/thickness ratio of 40, failed by buckling. 
          There are three modes of failure of deep beams have been demonstrated 
by Subidi et al  he tested thirteen simply supported reinforced deep beams 
with different span/depth ratio, and noted that the mode of failure are: 
- Flexure failure. 
- Diagonal splitting failure. 
- Local crushing failure. 
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        Lee J.S et al: investigated experimentally the shear behavior of simply 
supported reinforced concrete deep beams with or without openings subject to 
concentrated loads. A total of 84 specimens has been cured and tested in the 
laboratory. The openings, compressive strength of concrete, shear span to depth 
ratio and web reinforcements were taken as the structural parameters for the tests. 
The effects of these parameters on the shear strength and crack initiation and 
propagation have been carefully checked and analyzed. 
   From the tests, it has been observed that the failures of all specimens were 
due to shear mechanism which is mostly governed by inclined cracks formed 
between the load application points and supports in shear span. In case of 
specimens without openings, their load bearing capacities have been significantly 
changed depending on the shear span to depth ratio. It was revealed that the 
ultimate strength of specimens with web openings varies according to the location 
of opening, which deters the formation of compression struts between the loading 
points and supports. Lee studied all of the test results using truss model and 
nonlinear behavior. The result showed that the values of the shear strengths 
obtained from the test were about 1.4 and 1.9 times higher than the values 
calculated by ACI code. However they were closely coincident with the formulas 
given by Pavi , Ray and Kon . Except for some series specimens having a 
larger dimension of openings beyond the geometric limits of proposed equations. 
Comparing with finite element analysis, it was found that shear strength, load-
displacement relationship and crack locations of deep beams could be predicted 
by nonlinear finite element analysis.    
        Kan-Hai Tan et al  performed experimental tests on nineteen 
reinforced concrete deep beams with high strength concrete under two 
symmetrical top loading, with introduction of two main variables: shear 
span/depth ratio and span/depth ratio. The test results were compared with 
prediction based on ACI Building code. The comparison explained that the deep 
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beam provisions in the ACI code though essentially based on concrete strength of 
less than 41mpa, will insure safe designs for higher strength deep beams. 
       Eight reinforced concrete continuous deep beams considering the 
following main parameters: shear-span/depth ratio; amount and type of web 
reinforcement and amount of main longitudinal reinforcement are tested by 
Ashraf and he reported that the vertical web reinforcement had greater effect on 
shear capacity than horizontal web reinforcement. Failure was initiated by a 
major diagonal crack in the intermediate shear span between the edges of the load 
and intermediate support plates. Comparison between tests results and the ACI 
Building code show little agreement. 
      Kang-Hai Tan et al reported experimental tests on twenty-two reinforced 
concrete deep beams with cylinder compressive strength of generally exceeding 
55mpa. Based on main steel ratio, þ, the beams were organized into four groups 
with ρ = 2.0, 2.58, 4.08, and 5.8 percent. The beams were tested for different 
/d, ranging from 0.28 to 3.14. The comparison among the series was to 
highlight the influence of þ and /d ratio on the shear behavior of high strength 
concrete deep and short beams. It was shown that the transition point between 
high strength concrete (HSC) deep beams and high strength concrete shallow 
beams (in terms of load carrying capacities) is around /d of 1.5; for medium 
and low strength concrete beams, it was reported to occur between 2.0 and 2.5. 
The failure mode was chiefly influenced by the /d ratio; the effect of þ was not 
significant. For /d < 0.28, the beams failed in bearing mode; for 0.28< /d< 
0.12, the beams failed in shear-compression mode; for 1.12< /d<2.26; the 
beams fail in diagonal tension mode and at /d =2.5; the beam failed in shear-
Tension mode.    For /d < 1.5, increased the main tension steel ratio increases 
the load carrying capacities of HSC deep beams, but this beneficial effect was not 
as significant when /d> 1.5. Kang and Hai also observed that the main 
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reinforcement ratio greater than 2.0 percent did not increase the ultimate shear 
strength of HSC deep beams significantly   
    The effect of reinforced concrete deep beams size on shear capacity is 
studied by Hang Hai Tan et al. A total of 12 large and medium sized beams with 
overall height ranging from 1500 to 4520mm were tested under two symmetric 
point top loads to failure. The beams had compressive cylinder strength of about 
40mpa. There was a pronounced effect of size on ultimate shear strength. The 
critical height beyond which there was no significant size effect was between 500 
to 1000mm. However, the effect of size seems relatively independent of /d.  
     A total of five reinforced concrete deep beams were tested with different 
parameters such as: shear span, web reinforcement ratio and boundary conditions, 
suggested by Lee et a  under indirectly loaded deep beam. Experimental 
investigation could be summarized as follows: 
 * Effect of shear span variation of directly loaded beam. 
 * Effect of shear reinforcement at directly loaded deep beam. 
 * Compare the behavior of edge and continuous boundary condition. 
 * Test program, a total of 5 deep beams were tested. 
Shear span ratio of loading beam was varied from 0.5 to 1.5 the compressive 
strength of concrete was designed to 25mpa and measured average compressive 
strength at tests was 28.2mpa.The test specimens were loaded by point 
concentrated loads. 
  Lee test results can be summarized as: 
 *The diagonal cracking shear force was decreased slightly as loading point 
moved from top to bottom. 
 *There was no significant difference of ultimate shear strength and fail modes 
between direct loading and indirect loading of deep beams that have more than 
three times of minimum web reinforcement by ACI code provision.  
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 *Bottom loaded specimen failed at 42.6% of shear strength of top loaded 
beam  
 
2.3 Design recommendations:- 
2.3.1 Portland Cement Association (1946  
   This document proposed a design procedure applicable to reinforced 
concrete deep beams with: 
H/L >2/5 for continuous beam. 
H/L> 4/5 for single span beam.  
There are two essential ratios for the use of this procedure, the height-to-span 
ratio, H/L, denoted as B and the width of support-to-span ratio, W/L, denoted as 
E. 
The design method is as follows: since the characteristic ratios B and E 
are known, the stress coefficients can be selected from charts. From another chart, 
a coefficient is obtained to calculate the resultant of all concrete tensile stresses, 
T. the area of reinforcement (As1) given by: 
        As1 = T/   ………………………………………………….…………. (1.4) 
Where: 
  is the working stress of the steel. 
Suggestions were given for verification of shear strength. The shear stress  is 
computed as: 
     = 8V/7bd ………………………………………………………………. (1.5) 
the permissible shear stress of the concrete could be considered equal to 
(1+5H/L)/3  
Where: 
  Is the permissible shear stress for shallow beams. The chart of this document 
is based on Dischinger's (1932)   
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     Chow et al (1952  modified the tensile steel as calculated by the equation: 
      = 1.5T/  …………………………………………………………… (1.6) 
They also advised to distribute the area of steel within the whole of the tension 
zone, by spreading half of the area of steel uniformly throughout the tension zone 
and the other half should have a progressively linear distribution with increasing 
distance from the neutral axis. 
2.3.2 Uhlman  
   Based on Dischinger's data and his own application of finite difference 
method, Uhlman provided some recommendations for the design of 
reinforcement in deep beams. The minimum width of the section of simply 
supported and loaded in its own plane is given by: 
    b= 0.06L/  …………………………………………………………... (1.7) 
Where: 
L = span of beam. 
K = a coefficient in tabular from in Uhlman's report which is function of H/L. 
H = overall depth of the beam section. 
The area of the main reinforcement is given by: 
    = M/  z ……………………………………………………………….. (1.8) 
Where: 
 M = bending moment at mid-span. 
  = permissible steel stress. 
 Z = lever arm. 
The lever arm value obtained from graphs for different loading conditions is a 
function of the overall length and the height of the deep beam. 
  In the case of deep beam with loading along the lower edge, the required area of 
hanging steel is provided by: 
    A    =W/    ………………………………...……………………..…….. (1.9)  
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Where:  
W = applied load between the support. 
In the case of a combination of loading, superposition of the reinforcement 
calculated for each case is advised. 
2.3.3 Schutt  
          In Schutt's report , the following procedure was recommended for the safe 
design of deep flexural elements under top and lower edges loading. The area of 
reinforcement due to bending is given by: 
         = M/ z =q /8 Z………………………………………………… (1.10) 
Where: 
 = working stress of steel, kg/cm2 
Z= internal lever arm (cm) 
q= load per unit length, kg/cm. 
For deep beams with height/span ratios less than 1, the lever arm value used is 
calculated as for normal slender beams. In the case of walls with height/span 
ratios between 1 and 2 the following lever arm value was proposed: 
    Z = 0.9L  ……………………………………………………………… (1.11) 
Where: 
  H = total height of wall (cm) 
And in walls with height/span ratios lager than 2, 
  Z = L/.8………………………………………………………………….. (1.12) 
For equations (1.11) & (1.12) it was assumed that the main reinforcement was 
distributed over a height equal to 0.11m. 
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    Considering that 1/2 to 2/3 of the main flexural reinforcement is bent near 
support as inclined web reinforcement, the ultimate shear capacity of the section 
can be predicted from: 
  = 0.54   …………………………………………………….. (1.13) 
Where: 
  = strength of concrete, kg/cm2 
 b = width of beam, cm 
A safe limit for the shear capacity of the beam was considered as 1/3 , given 
by: 
=0.18 ……………………………………………….……… (1.14). 
Then the maximum allowable load on the top edge is: 
 gr=(0.36 /L) ……………………………………….….……..(1.15) 
A limit to the load hanging capacity is given by: 
gr =(0.3 /L) …………………………………………………..(1.16) 
Where a wall is loaded simultaneously from the top and bottom, the total load is 
given by: 
= gr /( + )+ u /( + )……………………………..…(1.17) 
Where: 
 = load per unit length applied on top. 
= load per unit length applied on the soffit. 
It should be noted that the procedure required vertical reinforcement for both top 
and bottom loads in the following manner: 
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              For H/L <1.0 
          = V/  
             For 1.0 < H/L < 2.0 
         = V/   
            For H/L > 2.0     
               = V/   
In The case of specimen under bottom load, the vertical reinforcement could be 
increased by the factor * .  
2.3.4 De Paiva and Siess  
          After performing the experimental work, De Paiva and Siess described 
three modes of failure called "flexure", "flexure shear" and "shear-proper". 
Then they developed an expression for shear strength as follows: 
        v= V/bH =200+0.188  +21300pt………………………………….. (1.18) 
where: 
    V=shear force. 
     = cylinder compressive strength of concrete, psi. 
    v= nominal shear stress. 
    H= depth of beam. 
    b = width of beam. 
 In beams tested by De paiva and siess the load at failure in shear proper is given 
by: 
 =2 bD…………..……………………………………………………… (1.19) 
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And the shear strength given by:  
 =0.8(1-0.6x/D) …………………………………………………… (1.20) 
Where: 
       x/D= clear shear span/depth ratio. 
= computed shear strength for shear proper mode. 
= computed failure load in shear proper. 
the load and reaction blocks.  
The above expression is valid for values of x/D between 0 and 1  
2.3.5 Ramakrishnan and Ananthanarayana  
           Based on experimental results, Ramakrishnan and Ananthanarayana 
believed that shear failure in a deep beam is essentially a diagonal tension failure 
and that the ultimate shear strength of the beam could be taken as the load 
producing a diagonal tension failure. Therefore, they developed equations that 
calculate the ultimate shear strength on the basis of the splitting strength of 
concrete. 
    In indirect tension splitting test the, strength of concrete ft can be expressed as: 
 =maximum splitting force /K(area resisting the the splitting force) 
Where:  
K=a coefficient equal to ( ) for a cylinder. 
For a deep beam under two point loads on the top the splitting of the load P is: 
      P= W cosecө…………………………………………………………… (1.21) 
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Substitution of this equation into equation above gives: 
    W=K bH………………………………………………………………… (1.22) 
And the ultimate load  on the beam is: 
     = 2W = 2K bH……………………………………………………… (1.23) 
The failure plane is inclined with angle ө to the beam axis where: 
      Ө = (H/Xs) 
= L/2 
The same procedure is used to predict the ultimate load for an eccentric force, as 
follows: 
   Pc= K (1+tanө cot )  bH……………………………………………… (1.24) 
Where Ө 
The failure plane in this case is given by: 
   = (H/Xs) 
For a central concentrated force  =Ө and Xs=L/2 then the ultimate load is given 
by: 
   Pc= 2K  b H…………………………………………………………….. (1.25) 
And the failure plane  = (2H/L) 
In the uniformly distributed load, it was found that the splitting force, P, reached 
a maximum when failure plane was fixed at  = (3H/L). 
The ultimate load Pc is given by: 
  = 2K  bH ……………………………………………………. (1.26) 
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Where: 
= ultimate applied load. 
= concrete tensile strength. 
b= width of beam. 
 
H= beam height. 
K= splitting coefficient.  
2.3.6 Euro-International  Concrete Committee (CEB)  
          CEB has defined a deep beam as a straight beam, generally of constant 
cross-section with a span-to-depth ratio (L/H) less than 2 for simply supported 
beams and 2.5 for continuous beams. 
 2.3.6.1 Design for flexure: 
          The area of main reinforcement in tension is calculated as for normal beam, 
but the lever arm Z given by: 
     Z = 0.2(L+2H)                           1<= L/H<=2.0…………………(1.27) 
Or    Z =0.6L                                    L/H<1.0……………………….(1.28) 
where: 
    H = height of beam, H ≤ L  
   L =span of beam. 
The tensile reinforcement should be extended throughout the span and uniformly 
distributed over a depth equal (0.25H to 0.05L) from the bottom. 
   For continuous beams the area of main reinforcement for both positive and 
negative moments is calculated as above with the lever arm given by: 
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   Z=0.2(L+1.5H)                    1≤L/H ≤ 2.5………………………. (1.29) 
  Z=0.5L                                  L/H < 1.0………………………….… (1.30) 
2.3.6.2 Design for shear: 
      The shear strength of a section is given by: 
     = 0.1 bH            H ≤ L……………… ……………………… (1.31) 
where: 
    = cylinder compressive strength, N/ . 
2.3.6.3 Web reinforcement: 
        For beam loaded on top, CEB recommends to use orthogonal reinforcement 
in the web on both faces. The area of reinforcement is given by: 
  =0.0025bs    for smooth round bars ………………………..………… (1.32) 
= 0.002bs     for high-bond bars……………………………………..… (1.33) 
Where: 
  b= the thickness of the beam. 
  S=the spacing between bars. 
When the load is applied to the lower portion of the beam, the vertical stirrups 
should be designed to transmit the total load to the upper portion of the beam. 
Spacing should not exceed 150mm  
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2.3.7 Kong and Robins  
 
Figure (2-1) Notations in Kong and Robins method 
         Kong and Robins proposed a formula for predicting the ultimate shear 
strength of deep beams for both normal weight and lightweight concrete. Their 
formula was based on experimental results that they carried out: 
  = H + ( /H) …………………………..(1.34) 
Where: 
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    = ultimate shear strength of the beam. 
   = coefficient equal 0.14 for normal weight concrete and 0.096 for lightweight 
concrete. 
  = coefficient equal 83 N/mm2 for normal weight concrete and 247 N/  
for lightweight concrete. 
 = cube strength or 10 times the cylinder splitting, whichever is less, N/ . 
b= thickness of beam, mm. 
H= overall depth of beam, mm. 
= area of individual web bar, . 
= depth of bar, measured from the top the beam, at which an individual bar 
intersects the line joining the inside edge of the bearing block at the support to the 
outside edge of that at the loading point as shown in Fig (2-1). 
= angle between the bar being considered and the line described in the 
definition of Y above 
  0 ≤ ≤  
n= the total number of web bars, including the main longitudinal bars, that cross 
the line described in the definition of the Y above. 
     Later, Kong et a  modified equation above by including /H ratio 
explicitly and using the cylinder splitting strength instead of the cube strength. 
The modified formula is: 
= (1-0.35 /H) bH+ 
( /H …………………………..(1.35) 
where: 
39 
 
= coefficient equal to 1.4 for normal weight concrete and 1.0 for lightweight 
concrete. 
= coefficient equal to 130N/  for plain round bars and 300N/  for 
deformed bars. 
 = cylinder splitting strength, N/  all other variables as explained 
previously. 
 
2.3.8 Prakash  
        Prakask proposed a method for determining the ultimate shear strength for 
beams with /d < 1.0. He assumed the shear failure of the beam due to splitting 
in a similar mode to that in the cylinder splitting test. 
   2.3.8.1 Beam without web reinforcement: 
        The ultimate shear strength given by: 
     =  bd cosecө……………………………………….………………..(1.36) 
Where:  
 = splitting strength of cylinder. 
Ө= inclination of diagonal crack to the beam axis = (d/a). 
b= width of beam. 
d= effective depth of beam. 
2.3.8.2 Beam with web reinforcement: 
        He assumed that, at time of splitting, the strain of concrete and steel 
perpendicular to the crack is equal. And hence the ultimate shear strength for 
beam with web reinforcement is given by: 
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= bd [1.57+( ( + )]…………………………………(1.37) 
Where: 
= modular ratio . 
= Ah/bd, where Ah is the area of reinforcement crossing the crack in the 
direction of the axis of the beam. 
 = Av/bd, where Av is the area of vertical reinforcement crossing the crack. 
2.3.9 American Concrete Institute (ACI)  
        The design equations for deep beams in ACI code are applicable to beams 
with Ln/d less than 5.0 and subjected to top loading see fig (2-2). The nominal 
shear strength of deep beam, , is given by: 
+ ……………………………………………………………..… (1.38) 
Where:  
           = nominal shear strength provided by concrete. 
           = nominal shear strength provided by shear reinforcement. 
Shear strength provided by concrete  shall be computed by: 
= [3.5-2.5 ][1.9  +2500ρ ]bd 6 ………………………(1.39) 
Where: 
ρ= the main longitudinal reinforcement ratio, As/bd. 
= the factored moment at the critical sections, lb.in. 
= the factored shear force at the critical section, lb. 
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= cylinder compressive strength, psi. 
Shear strength provided by shear reinforcement Vs may be computed from: 
  = [ ( ) + ( )] d ……………………………………… (1.40) 
Where: 
= the area of vertical web reinforcement within a distance , . 
= the area of horizontal web reinforcement within a distance , . 
= the specified yield strength of shear reinforcement, psi. 
Depending on the Ln/d ratio, the final value of  is limited by the following 
expressions: 
 < 8                              When Ln/d < 2.0 
< 2/3 (10+Ln/d)        when 2 Ln/d 5 
For design purposes, the ultimate shear strength of the section  is given by:                   
ФVn……………………………………………………………….… (1.41) 
Where: 
Ф= 0.85 is a strength reduction factor for shear  
2.3.10 Ciria Guide  
        The CIRIA Guide applies to single span deep beams with an effective span 
to overall depth ratio Le/h of less than 2.0 Fig (2-3). 
The guide defines the active height, , of a deep beam as the lesser of Le and h. 
The shear strength formula is essentially the Kong et a  equation which is 
given by: 
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+ = [1-0.35 ] b  …………….(1.42) 
where: 
= (0.7*0.52*C1) =0.44 for normal weight aggregates  
            =0.32 for lightweight aggregate. 
          = 1.95 mpa for deformed bars. 
            = 0.85mpa for plain round bars. 
In addition: 
<1.3 b …………………………………………………………. (1.43) 
 
                           Fig (2-2): Symbols in the ACI Code. 
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Fig (2-3): Symbols in the CIRIA Guide 
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CHAPTER THREE 
EXPERIMENTAL WORK 
3.1General 
Some researchers have been conducted on r.c deep beams with different load 
arrangement as shown in Fig (3-1) and Fig (3-2). 
          In this investigation 6 reinforced concrete deep beams were cast and tested 
under two concentrated loads applied at the top fiber and effective shear span to 
depth ratio (  /d) varying from 0.75 to 1.25 as shown in Fig (3-3) under different 
parameters to compare their results with the published experimental results and 
recommended design guide given by the code. Structural analysis program 
(PROKON) is modeled to define a relation between properties of deep beams and 
its ultimate shear strength and maximum shear given under effect of all these 
parameters. 
3.2Data Collection 
          Data has been collected(40) from many researchers who performed 
experimental works. Every researcher focused in their work on a certain 
parameters and followed certain procedure in conducting experimental work. 
           Ramakrishnan and Ananthanarayan  , Prakas  and Smith and 
Vantsiot  tested reinforced concrete deep beams to failure under two 
symmetrical loads. The variable were the depth-to-span ratio The first cracking 
load, failure load, av/d ratio, the mode of failure and the type of loading e.g., 
central point load, two symmetrical point loads, and uniformly distributed load.  
Information of some tested reinforced concrete deep beams was collected from 
above papers and noted in table (3.1). The information included the properties of 
each beam and the ultimate shear strength. 
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The properties collected were: 
  -The shear span to effective depth ratio, the width, the effective depth, the height 
to width ratio, effective span to depth ratio, strength of concrete, strength of main 
reinforcement, main reinforced ratio, vertical web reinforcement ratio and 
horizontal web reinforcement ratio. 
  -Beams taken in this research were tested under symmetrical two point loads. 
Beams under uniformly distributed loads, both top and bottom, were not taken 
into consideration, because the majority of researches were done under uniform 
loads.  
-Also in many papers some information was not available, such as strength of 
vertical and horizontal web reinforcement and splitting strength of concrete, 
because this information was included in the model properties. 
- Some papers used the compressive strength of cylinder ( ).  
The cube compressive strength ( ) was obtained from: 
       = {0.76+0.2 Log ( /19.59)}  
 
 Figure: (3-1) Case of loading for deep beam.(one concentrated load) 
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                 Figure: (3-2) Case of loading for deep beam.(two concentrated loads) 
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3-3 Test arrangement:  
            In this study 6 deep beams were tested with different shear span to depth 
ratio, details of the test specimens are given in figures (3-3)a,b. all concrete used 
in the project was supplied to the structure laboratory as ready mixed of 
maximum aggregate size of 10mm, in the afternoon after the concrete pour the 
beams were covered with hessin watered and the specimens were tested prior to 
28 days after casting.  
             All beams were rectangular cross-section, with longitudinal and 
horizontal reinforcement. Each series consisted of two types of deep beams with 
different effective shear span to depth ratio, with web reinforcement and different 
details. 
  
 
(a) 
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(b)  
          Fig (3-3): Reinforcement details of tested beams. 
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3.4 Materials used for casting of testing beams: 
          The loading arrangements are shown in figuer (3-4). Loading was applied 
vertically to the specimens using a 500 kN capacity hydraulic jack. Loads were 
measured using an electronic load cel. 
Deflections were measured at the midspan at the bottom level of the beam using 
gauge . the beams were loaded in 10 kN increments with the test paused at the 
each increment with displacements meagured and cracks marked. 
For concrete mix using ordinary portland cement, natural sand and uncrushed 
aggrgates in proportion of 1:2:4 (by weight) with water cement ratio 0.45. 
 
 
Fig (3-4): Test set-up 
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Fig (3-5): Cracking pattern for tested beams. 
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3.5Testing of specimens:- 
          Both surfaces of the beams were white washed to help the observations of 
crack development during testing. The beams were tested to failure under two-
point top loading. 
The beams were simply supported on two adjustable rollers on the loading frame 
as shown in Fig (3-4).   
3.6Test results: 
Failure load and failure modes for each specimen are given, load versus mid-span 
deflection plots and crack patterns are given. The flexural tension crack pattern 
formed well after the diagonal cracks established and the flexural cracks opened 
substantially as the reinforcement yielded.  
3.6.1 Test method. 
         A total of 6 beams were tested for different value of /d, the load applied 
at a uniform rate. First crack load and ultimate load were noted and 9 cubs were 
crushed to find concrete compressive strength ( ). 
 The beams were tested to failure under two-point loads applied at top of the 
beams. Table (3-2),and  (3-3) showed the test results and symbols used in the 
tables are: 
= spacing of vertical web reinforcement. 
= spacing of horizontal web reinforcement. 
= First inclined cracking load. 
= ultimate load applied to the beam at failure. 
= ratio of horizontal web reinforcement. 
 = ratio of vertical web reinforcement.  
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 = ratio of main longitudinal reinforcement.  
-main reinforcement ratio ( ) = 100 /bd 
-vertical web reinforcement ( ) = 100 /b  
-horizontal web reinforcement ( ) =100 /b  
Where: 
= area of tension reinforcement.  
= area of vertical reinforcement in spacing . 
= area of horizontal reinforcement in spacing . 
d= effective depth of beam. 
D = overall depth of beam  
b= width of beam. 
3.6.2 Influence of shear span to effective depth ratio ( /d) on cracking load and 
ultimate load. 
 
 /d  
(mm) 
   
(mm) 
 
  N /mm2 
 
mm 
 % %  
% 
 
0.75 100 300 35   125 .25  86.6  0.6 55.5 95.0 1.73 
1.0 100 300 35 125 .25 86.6 0.6 50.0 85.5 1.70 
1.25 100 300 35 125 .25 86.6 0.6 45.0 76.0 1.5 
Table (3-2): Loading results for beams with horizontal & vertical shear 
reinforcement  
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Table (3-3): Loading  results for beams with vertical shear reinforcement only. 
 
 
 
 
 
 
 
 
 
 
 
 
 
/d  
(mm) 
  
(mm) 
   
N/mm2 
 
mm 
% 
 
mm 
 
% 
 
.75 100 300 35 125 0.25 - - 40.0 80.0 2.00 
1.0 100 300 35 125 0.25 - - 36.0 70.0 1.94 
1.2 100 300 35 125 0.25 - - 34.0 65.0 1.9 
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Fig (3-6) Effect of percentage of horizontal reinforcement on cracking 
load with different  ratios (experimental results)  
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 Fig (3-7) Effect of percentage of horizontal reinforcement on ultimate load with 
different /d ratios (experimental results)    
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Fig (3-8) Effect of different /d ratios on Vult / V crack. (experimental results)    
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3.6.3 Influence of av/d ratio on ultimate shear:  
This obtained from published experimental data Table (3-1), for the different 
percentage of vertical and horizontal reinforcement:- 
 
Fig (3-9): Effect of av/d ratio on ultimate shear with different percentage of 
horizontal and vertical reinforcement (published experimental data)  
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3.6.4 Influence of vertical reinforcement on ultimate shear:  
 
Results obtained from published experimental data; this is illustrated in Fig (3-10) 
 
 
 
Fig (3-10): Effect of vertical reinforcement percentage on ultimate shear 
(published experimental data) 
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3.6.6 Influence of av/d ratio on the mid-span deflection: 
The results obtained by using PROKON program were compared with that 
obtained from experimental data. The results shown in tables (3.4) & (3.5) and 
plotted in fig(3-11). 
3.6.6-1 Mid span deflection of beams with vertical shear reinforcement only 
(ultimate load): 
 
 
Failure load (kN) Deflection values 
From Prokon(mm) 
Deflection values 
From Experi.(mm) 
     0.75 80.0 0.944 1.15 
     1.0 70.0 0.973 1.25 
    1.25 65.0 1.030 1.40 
Table (3-4): Deflection values for beams with vertical shear reinforcement 
only(ultimate load) 
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3.6.6.2 Deflection of beams with horizontal and vertical shear reinforcement: 
 
 
Failure load (kN) Deflection values 
From Prokon(mm) 
Deflection values 
From Experi.(mm) 
     0.75 95.0 1.10 1.20 
     1.0 85.5 1.20 1.33 
    1.25 76.0 1.292 1.45 
Table (3-5): Deflection values for beams with horizontal & vertical shear 
reinforcement only(ultimate load) 
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Fig (3-11): Effect of different /d ratios on max. mid-span deflection (mm) at 
ultimate load for beams with horizontal and vertical shear reinforcement& 
vertical reinforcement only. 
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3.6.6-3 Mid span deflection of beams with vertical shear reinforcement only 
(cracking load): 
 
Cracking load (kN) Prokon 
Values(mm) 
Experimental 
Values(mm) 
0.75 40.0 0.48 0.90 
1.0 36.0 0.50 0.96 
1.25 34.0 0.54 0.98 
Table (3-6): Deflection values for beams with horizontal & vertical shear 
reinforcement (cracking load) 
 
3.6.6-4 Mid span deflection of beams with horizontal and vertical shear reinforcement 
(cracking load): 
 
Cracking load (kN) Prokon 
Values(mm) 
Experimental 
Values(mm) 
0.75 55.5 0.66 0.71 
1.0 50.0 0.69 0.77 
1.25 40.0 0.72 0.80 
Table (3-7): Deflection values for beams with horizontal & vertical shear 
reinforcement (cracking load) 
 
69 
 
 
 
 
Fig (3-12): Effect of different /d ratios on mid-span deflection (mm) at 
Cracking load for beams with horizontal and vertical shear reinforcement& 
vertical reinforcement only. 
 
 
 
70 
 
 
 
3-7 Experimental failure load and mode of failure 
 
Beam 
no 
av/d % % Crack 
Load(kN)
Failure
load 
Def.at
crack 
Def.at 
failure 
Mode        
of       failure 
B1 0.75 0.4% 0.25% 55.5 95.0 0.71 1.20 Shear failure 
B2 0.75   --- 0.25% 40.0 80.0 0.90 0.97 Shear failure 
B1 1.0 0.4% 0.25% 50.0 85.5 0.77 1.33 Shear failure 
B2 1.0   --- 0.25% 36.0 70.0 0.96 1.20 Shear failure 
B1 1.25 0.4% 0.25% 40.0 76.0 0.80 1.45 Shear&flexural 
failure 
B2 1.25   --- 0.25% 34.0 65.0 0.98 1.40 Shear&flexural 
failure 
Table (3-8): Experimental failure load, cracking load and mode of failure 
*Note:  Deflection in (mm) , load in (kN) 
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3.8 Influence of all parameters on ultimate shear . 
The experimental results obtained for different parameters values were compared 
 With that values obtained from the codes and specifications. These are tabulated 
in table (3-9)  
 
Table (3-9): Comparing of experimental results with Theoretical for the ultimate  
shear obtained by CEB, CIRIA GUIDE and Kong.  
 = ultimate shear given from experimental data published 
(CEB)=Euro-international Concrete Committe  
(CIRIA)=CIRIA GUIDE  
Kon  
 
 
 
 
 
/d b(mm) d(mm) h/b  
N/mm2 
 
N/mm2 
 
% 
% 
 
 
CEB 
 
Kong CIRIA 
 
0.84 140 1251 10 36.2 520 0.1 0.11 950 709.5 993.3 674 
1.09 150 550 4 37 600 0 0 320 333 466.2 313.14
0.54 110 463 4.5 45.7 504 0.2 0 445 297 415.1 231 
1.13 140 444 3.57 37.4 520 0 0 570 330 462 308.5 
1.2 100 170 2 19.8 275 0 0 47.8 42.2 59.1 52.5 
0.62 76.2 349.25 5 20.4 317 0 0 67.7 62.4 87.36 77.0 
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3-9Comparison of experimental results with design models:- 
 
Beam av/d % % Exp. 
Load(kN)
Ciria  
load(kN)
Kong
(kN) 
Euro 
(kN) 
Schutt 
(kN) 
B1 0.75 0.4% 0.25%     95 61.32 106.3 75 77.9 
B2 0.75   --- 0.25%     80 38 106.1 75 77.9 
B1 1.0 0.4% 0.25%     75 61..32 105.9  -  - 
B2 1.0   --- 0.25%     70 38 105.5  -  - 
B1 1.25 0.4% 0.25%    60 61.32 105.4  -  - 
B2 1.25   --- 0.25%    50 38 105.3  -  - 
Table (3-10): Comparison of experimental results with design models 
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CHAPTER FOUR 
DISCUSSION OF RESULTS 
4-1 Main Goal  
         The main goal for both experimental and analytical work was to study the 
influence of horizontal reinforcement on crack and deflection behavior of deep 
beams with various av/d ratios. The purpose was also to study the strength 
parameters such as, first crack load, the ultimate failure load, deflection at crack 
load, deflection at ultimate load and mode of failure. Microsoft Excel was used to 
analyze and find relationships between beam parameters. 
4-1-1 shear cracks: 
In deep beam, a large part of the load is transferred to the supports directly 
through the compression struts formed directly between the load and the support 
point. This kind of load transfer mechanism commonly leads to shear in the form 
of splitting failure. 
4-1-2 flexural and flexural shear crack: 
The formation of the first flexural cracks and the number of cracks near the 
maximum bending moment increased with the increased load. 
The majority of cracks occurred roughly at 60% of the ultimate load. On 
comparing the beams of same size, the crack pattern were approaching from 
flexural to flexural shear and shear mode depending upon av/d ratios. 
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4-2 Effect of Different Parameters on Ultimate Shear: 
4-2-1 Effect of percentage of horizontal and vertical shear reinforcement on 
ultimate shear: 
        Fig (3-6) and Fig (3-7) show that the effect of presence of percentage 
horizontal reinforcement increasing on the ultimate shear strength for beams with 
low /d ratio was greater than for beams with high /d ratio.  
-for =0.6% ultimate shear was obtained more than for =0%. 
-Fig (3-8) show that: in case of Ph = 0%, Vult. / Vcrack. Varies between (1.8-2.0) 
for av/d ratios vary from o.75 to 1.25.and in case of Ph=0.6%, Vult./Vcrack. 
Varies between (1.5 to 1.7) for the same av/d ratios, when the vertical 
reinforcement increases the ratio Vult / Vcrack increases. 
-Fig (3-10) gives clear evident that the increasing of percentage of horizontal 
reinforcement increases the ultimate shear strength. The figure also shows that the 
ultimate shear strength increases with increase in vertical shear reinforcement 
ratios (Pv%) upto 0.8%. no clear experimental evident that ultimate shear strength 
for Pv>0.8% will increase. 
4-2-2 Effect of shear span to effective depth ratio: 
         In Fig .(3-9) its observed that the shear span to effective depth ratio ( /d) 
had a great influence on ultimate shear strength and increase in shear span to 
effective depth ratio decreased the ultimate shear strength. The influence of /d 
ratio tended to disappear for greater /d ratio but that also depended on concrete 
strength. 
        Decreasing in shear span reduced the occurrence and extent of cracking, e.g. 
- Beam with /d= 1.25 crack was formed near mid-span and later diagonal 
cracks were formed within the region of constant shear leading to failure. 
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- Beam with /d=1.0, both flexural and diagonal cracking occurred almost 
simultaneously. 
- Beam with /d=0.75, diagonal cracks lead to failure.  
4-2-3 Effect of span to effective depth ratio (L/d): 
         It was observed that as L/d ratio increased the ultimate shear strength 
decreased. But this behavior was true for small /d ratio, for high values of /d 
ratio the effect of L/d ratio is not significant. 
         Tests performed by previous researchers gave clear evidence of the increase 
of shear capacity of beams with L/d ratio <1.0   
4-2-4 Effect of av/d for deflection: 
        Fig (3-11) and Fig (3-12) show that the increase of effective shear span to 
depth ratio ( /d) increased the mid-span deflection values. 
There exist a linear relationship between load-mid span deflection up to the 
yielding of the beams but after that the rate of deflection increases until failure 
causing an increase in the number of cracks. it was observed that deflection for 
deep beams reduces depending upon shear span to depth ratio.  
          It was observed in the tests carried out in this research that:- 
       - The presence of horizontal reinforcement increased ultimate shear. 
-As the loads were increased inclined cracks propagated towards the support 
and loading points. Further increase in load resulted in the propagation and 
widening of the existing cracks leading to shear failure. 
-It was evident from tests that ultimate strength decreased with increasing 
/d ratio in all beam types. 
- The majority of cracks occurred roughly at 60% of the ultimate load. 
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CHAPTER FIVE 
CONCLUSIONS& RECOMMENDATIONS 
5-1CONCLUSIONS:- 
             Based on the results of tests collected from experiments conducted on 
reinforced concrete deep beams and reported in literature the following 
conclusions can be drawn:- 
*The primary cause of failure was in the form of the beam along the diagonal 
crack s extending from supports towards the loading points. For Beams 
applications with inclusion of horizontal reinforcement result in reduced crack 
width and deflection at all stage of loading. 
*Horizontal reinforcement can increase the stiffness of the concrete. 
*Crack distributions on top loaded beams indicate that the horizontal 
reinforcement is helpful against the propagation of inclined cracks.  
*The theoretical prediction of ultimate shear strength on the basis of methods 
used in this study gives results very close to the observed values in most of the 
beams tested as shown in table (3-9).  
*The software program provided by Prokon underestimates the central 
deflection of reinforced concrete deep beams because it include the 
following:- 
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1-Deflection due to short term (temperature, shrinkage, creep and other 
different variables). 
2-Long term deflection  
*Use British Ciria Assumptions because it gives results with more reliable 
safety factors than other theorems according to experimental results of deep 
beams in case of using analytical theorems in deep beams analysis. 
*Decreasing in shear span reduced the occurrence and extent of cracking, e.g. 
- Beam with /d= 1.25 crack was formed near mid-span and later diagonal 
cracks were formed within the region of constant shear leading to failure. 
- Beam with /d=1.0, both flexural and diagonal cracking occurred almost 
simultaneously. 
- Beam with /d=0.75, diagonal cracks lead to failure.  
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5-2 Recommendations: 
*Using capabilities of "Prokon structural analysis software "to fill the gap in 
deflection calculation. 
*Beams studied in this research and previous researches were tested under 
symmetrical two point loads, I recommend to take Beams under uniformly 
distributed load may be studied in future.  
*Comparing analytical values of deep beams subjected to concentrated point 
load with that subjected to uniform distributed load and explain what is useful. 
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APPENDIX (A):- 
General parameters of beams 
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Beam section: 
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Output data 
av/d = 1.0, load= 36kN 
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av/d = 1.25, load= 65kN 
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av/d = 0.75, load= 80kN 
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Shear and moment diagrams: 
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             Table(3-1): result of ultimate shear failure against beam cross-section properties. 
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